ing the increase of national suicide rates. Previous studies have revealed that celebrity suicide increases the number of suicides 2-6 and suicide attempts 7 in the general population, mediated by excessive media coverage [3] [4] [5] and spread of information about the suicide methods of celebrities.
INTRODUCTION
increase in suicide rates after a celebrity suicide displays substantial heterogeneity between celebrities and countries. 12 Furthermore, few studies have focused on the characteristics of suicide victims in the general population after multiple celebrity suicides and their associations with those of celebrities. It is still unclear whether there is a group more vulnerable to the influence of celebrity suicide.
Over the last decade, South Korea has shown a sharply increasing suicide rate in the general population. During this time, Korean celebrity suicides include Ms. Choi, a renowned television actress for 20 years, her brother, and a former president. The number of suicide deaths increased from 26.1/ 100,000 persons in 2005 to 31.7/100,000 persons in 2011. 13 South Korea ranked as the third highest among 105 countries in the 2011 World Health Organization Suicide prevention (SUPRE) data. 1 In particular, suicide is the leading cause of death in younger people (10-39 years) in South Korea, and women displayed a higher suicide rate than men compared with Western countries. 14 We hypothesized that South Koreans who commit suicide after a celebrity suicide may demonstrate specific qualities concerning age, gender, and are likely to prefer methods of suicide in higher effect sizes to suicide of general population in Korea, compared with lower effect sizes. These specifics may reflect the age, gender, and method of suicide of the decreased celebrity.
METHODS

Suicide data
The number of completed suicides in South Korea from January 1, 2005 to December 31, 2011 was obtained from the database of the Korea National Statistical Office (KNSO, http:// kostat.go.kr/portal/english). This database provides demographic characteristics of suicide victims, time of death, and method chosen. The data were examined and verified by KNSO. Suicides were classified according to the International Classification of Diseases-10 (ICD-10) codes in the range of X60-X84, which include suicides from all causes including intentional self-poisoning and self-harm. 15 The data from the preceding 5 years of suicide deaths were used for analysis to allow adjustment for seasonal variation. 16, 17 Monthly 5-year averages of suicide numbers from 2000 to 2004 were also included in analyses. In addition, meteorological data (sunlight hours and temperature) and economic data (Korea Composite Stock Price Index, consumer price index and unemployment rate) were obtained as previously described.
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Celebrity suicide
Based on previous studies of celebrity suicides, 3, [17] [18] [19] news media archives were used to identify the suicides of well-known persons. We included entertainers, professional athletes, politicians, writers, and chief executive officers. A systematic search was conducted for media reports of suicides in South or.kr) that stores all news articles from national television networks and major newspapers. News articles were retrieved by a search using the keyword "suicide", and were checked to ascertain whether they were news stories about suicide victims. We defined a celebrity suicide as a suicide reported for more than a week in news programs of the three major Korean national television networks. Thirteen celebrity suicides were identified in the study period. Details of the cases of celebrity suicide are summarized in Table 1 .
In addition, we defined the affected period as one month (30 days) after the first report of the celebrity suicide based on previous studies. 17, 20 The reference periods were defined as one month (30 days) preceding the first report of the celebrity suicide. 12 Overlapping intervals were included in the later celebrity suicide period, and shared the former reference period.
Statistical analyses
We employed the multivariate regression model to estimate the effect size of celebrity suicide incidents. Five-year averages of monthly national suicide rates, and economic and meteorological variables that have been considered classical suicide predictors were included as covariates in this regression model. Individual effect estimates were meta-analyzed with the DerSimonian-Laird random effect model 21 to obtain a combined effect size using METASOFT software. 22 According to the effect estimates, we divided celebrity suicide cases into three affected period groups: low (<10 suicides), intermediate (10-20 suicides) and high (>20 suicides). Logistic regression was employed to control covariates in the testing of the association between categorical variables. Pearson's chisquare test was used to test for association between characteristics of the celebrities and characteristics of suicide victims during the relevant periods. Linear regression was employed for comparison of age of suicide victims among the period groups. All statistical analyses were performed by using the R software or PASW18.0 for Microsoft Windows (SPSS Inc., Chicago, IL, USA).
RESULTS
Effect size of a celebrity suicide
Thirteen suicides met the definition of celebrity suicide during the 7 years of this study. The characteristics and the impact of these 13 cases are summarized in Table 1 . The incidents comprised seven females and six males, and among them eight persons were entertainers. During the periods of celebrity suicides, two overlapped intervals were found between case 2 and case 3, and between case 5 and case 6. Notably, the most common suicide method of these celebrities was hanging (69.2%). Figure 1 displays the Forest plot of estimates for changes in suicide numbers during affected periods compared with reference periods. Among 94,845 suicide victims, 17,209 completed suicide within one month after a celebrity suicide (18.1%). Effect sizes after celebrity suicide showed a large variation, from -8.1 to 29.7. The random-effects combined estimate of 13 celebrity suicides indicated an average increase in the daily suicide number of 6.7 [95% confidence interval (CI) 2.1-11.3] in the affected periods. Four relevant periods (for cases 1, 2, 6 and 9) showed a significant increasing effect. The suicide of a famous actress Ms. Choi (case 6), led to the biggest change of national daily suicide numbers (estimate=29.7, 95% CI 16.5-42.9).
Difference between characteristics of public suicide victims on affected periods according to the effect sizes of celebrity suicides
We conducted a multivariate logistic regression analysis of suicide victims within one month after celebrity suicide (coded 1), compared with those within one month before (coded 0) by entering all characteristics of suicide victims and monthly averages of suicide numbers of preceding five-year as indepen- Figure 1 . Forest plot of effect estimates in suicide numbers during affected periods compared with reference periods, and 95% confidence intervals (CIs) from 13 celebrity suicides. The pooled random-effects estimate and the corresponding 95% CI are also shown (n=94845). **p<0.01, ****p<0.0001. dent variables (Table 2) Suicide victims who died after celebrity suicide were significantly likely to be female (p<0.0001), 20-39 years of age (p= 0.011), widowed (p=0.017), to die by hanging (p<0.0001) and to die in the afternoon (p=0.011).
Next, we tested the differences of characteristics of suicide victims between intermediate or high effect size groups (coded 1) and the low effect size group (coded 0) by employing multivariate logistic regression analysis (Table 3) . These qualities were more strongly associated among those who showed intermediate and high effect sizes than lower. Death by hanging (p<0.0001) and gender (p<0.0001) were significantly associated with those of the general population. Single marital status was negatively associated with intermediate or high effect size group, and high school or lower education level was significantly associated with intermediate or high effect size group. When the four different age groups were considered, there were increases among three groups <59 years of age compared with those ≥60 years of age. This was reconfirmed in linear regression analysis-as the effect size of the celebrity suicide increased, the average age of public suicide victims decreased (p< 0.0001) ( Table 4) . Association between characteristics of the celebrities and characteristics of public suicide victims on the affected periods
The proportion of female suicide victims during the relevant periods of female celebrity suicide was significantly larger than that seen during male celebrity suicide periods (38.5% vs. 33.8%, p<0.0001) ( Table 5) . Significance was preserved after controlling for characteristics of suicide victims and celebrities, and monthly averages of suicide numbers in the preceding 5 years of celebrity's suicide death (p<0.0001).
The method of suicide chosen by celebrities was associated with the suicide method of victims during the affected periods. The proportion of hanging suicide on the relevant periods for celebrities who died by other methods was similar to the proportion during unaffected periods which means the period within one month before celebrity suicide (50.8% vs. 49.0%). However, it increased to 59.6% during the periods of hanging-related suicide of celebrities. There was a significant association between the method of suicide chosen by a celebrity and the method chosen by suicide victims in the general population during the relevant periods (p<0.0001) ( Table 5) . Moreover, this association was robust in logistic regression OR: odds ratio, CI: confidence interval (p<0.0001). This association could be found between the periods of falling-related celebrity suicide and number of suicide victims by falling on the affected periods (p<0.0001) (Table 5). However, there was no significant effect of age of celebrity on the age of suicide victims in the affected periods after controlling for other variables.
DISCUSSION
This is the first study to examine the characteristics of suicide victims among the general population after celebrity suicides in a national sample according to their effect sizes to suicide of general population. This study presents two main findings. First, individuals who commit suicide after a celebrity suicide are likely to be 20-30 years of age, female, and prefer hanging as the method of suicide, which are more strongly associated with celebrity suicide in intermediate or high effect sizes, compared with lower effect size. Second, characteristics of suicide victims are associated with those of celebrities.
This study revealed heterogeneity on the effect sizes of celebrity suicides from -8.1 to 29.7 for the last 7 years in South Korea. The suicide of the famous television actress Ms. Choi produced the highest effect size during that time, followed by the suicide of her younger brother who was an actor and singer. Among 13 celebrity suicides, actors, actresses, and singers produced higher effect sizes than other celebrities, such as a baseball player, former president, writer, announcer, and company executive. However, there is a possibility that the overlapped intervals between case 2 and case 3, and between case 5 and case 6 could be influence on effect sizes of celebrity of actresses. The effect of later celebrity suicide could be exaggerated by former celebrity suicide.
The higher effect size of celebrity suicides was associated with a younger age of suicide victims and with female gender based on linear regression analysis. Celebrity suicide with intermediate or high effect sizes showed a stronger association *effect size was entered as a continuous variable; the suicides which occurred within unaffected periods were coded 0 and suicide which occurred within affected period were coded 1, 2, and 3 for low, intermediate and high group, respectively. CI: confidence interval, SE: standard error with those who were 20-30 years old, female, and preferred hanging as the method of suicide, rather than the lower effect size of celebrity suicide. This suggests that young women are more vulnerable to suicide and they choose hanging as method of suicide when celebrity suicide has a strong influence on the general population. A speculation is that the younger women are more susceptible to media influence regarding celebrity suicides as proposed in previous studies. 4, 23 In addition, our results suggest this connection was stronger for actors, actresses, and signers than for other celebrities.
Females and younger people are more vulnerable to suicide after celebrity suicide than men and older age groups. 23, 24 Presently, the age of individuals who committed suicide after a celebrity suicide was younger than the age of celebrities, with a mean age of 39.7 years, and age was not significantly associated with those of celebrities after controlling for covariates. A previous study also reported that suicide victims after celebrity suicide are younger than the celebrities. 3 This study also showed hanging was the most common method after celebrity suicide, which was associated with the suicide method of celebrities. Previous studies showed that suicide methods were different and closely associated with those of celebrities. A study from Taiwan reported charcoal burning was the most common method of suicide after the similar suicide of a young female singer. 23 Another study from Taiwan reported hanging was the most common after the suicide of a television actor by hanging. 4 A study from Germany reported that railway suicide increased after the railway suicide of a famous football player. 25 By showing the same specific method increases after celebrity suicide, Fu et al. 3 suggested that as people identify more with the celebrity, their risk for suicide rises. Restricting access to lethal means is an effective way to prevent suicide. 26 Although ropes and other accessories used in hanging are more difficult to restrict than other methods, such as pesticides or gas poisoning, prevention strategies include installing break-away closet bars and shower taps, lowering the height of anchor points and increasing the awareness of risk indicators. 27 In our results, suicide victims who followed celebrity suicide were significantly likely to die in the afternoon. However, there could be marked difference between time of suicide attempt and time of death. To be informative to prevent copycat suicide, further research with more precise data would be required.
Although this study was based on a larger number of suicide victims and more celebrities than previous studies, it is impossible to figure out whether individuals who committed suicide within one month after celebrity suicide were directly influenced by the suicide of celebrities or not. A previous study with face-to-face interviews for suicide attempters revealed that suicide of a celebrity was followed by an increase in suicide attempts of general population because of extensive media reporting. 28 This study showed an increase of suicide victims of from 36.2-45.5 persons/day after the suicides of 13 celebrities. Misclassification and under-reporting of suicides in the registry system might have confounded the findings of this study.
Impact of media reporting about celebrity suicides on suicide rates within short period has been widely reported. [2] [3] [4] 7, 12 In this study, we confirmed this effect by the definition of celebrity based on news media archives. Our results could be an additional evidence of the necessity of guidelines on media reporting of suicide for the prevention. 12 In conclusion, individuals who commit suicide after a celebrity suicide are likely to be younger, female, and prefer hanging as method of suicide, which are more strongly associated in higher effect sizes of celebrity suicide. This study suggests that a suicide prevention system should be essential for young individuals and for women when a celebrity who has a great potential effect size dies from suicide. Celebrities who are young and female may have a greater impact on suicide of the general population than older individuals and men. Thus, suicide prevention for celebrities is needed, especially focusing on young women and prevention of the same method of suicide with that of celebrities. Approaches to suicide prevention are needed to target high-risk groups, and particularly strategies based on psychiatric disorders, notably mood, substance-related, anxiety, psychotic, and personality disorders, 29 these strategies should also focus on celebrities who have potential influence on general population particularly actors, actresses, and singers. Provision of mental health service and increase of its accessibility may help to prevent suicide and suicidal behaviors for vulnerable populations, and celebrities themselves. 30 
